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REMARKS 

Claims 1, 3, 14, and 43-50 constitute the pending claims in the present application. The 
Office Action has acknowledged the amendments and arguments filed on January 16, 2004 and 
February 11, 2004. Applicants respectfully request reconsideration in view of the following 
remarks. 

Claim refections under 35 USC ^ J 03 fa) 

Claims 1, 3, 14, 43-49 are rejected under 35 U.S.C. 103 as being unpatentable over 
Girasole e( al. in view of Kishimoto et al (U.S. Pat. No, 5,888,510). 

The Office Action contends that Girasole discloses administering a neutralizing antibody 
and a monoclonal antibody (mAb) to IL-1 1 to inhibit osteoclast formation in vitro. As argued 
before, the Office Action admits that Girasole fails to disclose a method of administering in vivo to 
any mammalian patient such antibodies; and more importantly, Girasole fails to teach an increase 
in osteoblast-mediated bone formation when an IL-1 1 antibody is administered to patients having 
a pathological condition in which bone density is decreased. 

The Office Action also suggests that Kishimoto teaches a method for inhibiting synovial 
cell growth, or for treating chronic rheumatoid arthritis (RA), by administering to a patient 
polyclonal or monoclonal antibodies to IL-6 or IL-6 receptor, thus disrupting IL-6 / IL-6 receptor 
binding and IL-6 signaling. Thus, the Office Action concludes that . .if a cytokine causes a 
disease, and antibody to the cytokine will block the signal transduction by the cytokine, inhibit the 
cytokine's biological activity and has an alleviating and therapeutic effect on the symptoms of the 
disease" (emphasis added). 

Based on these, the Office Action asserts that it would have been prima facie obvious to a 
skilled artisan, "from the Girasole method to administer IL-1 1 Ab to patients as taught by 
Kishimoto et al, to obtain the known functions and advantages thereof as per the teaching of both 
Girasole and Kishimoto." Applicants respectfully disagree for the following reasons. 

Kishimoto presumably establishes that IL-6 signaling in vivo is responsible for chronic 
rheumatoid arthritis (RA). In other words, Kishimoto presumably proves that excessive amount of 
IL-6 causes RA in a patient. Therefore, there may be a nexus between administering an anti-IL-6 
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antibody in vivo to an RA patient, and the ability of the same anti-IL-6 antibody to block IL-6 
signaling in vitro. 

But as explained before, it is not at all clear, at the time of the instant invention, whether 
IL-1 1 signaling in vivo is responsible for bone loss, or whether excessive amount of IL-1 1 causes 
bone loss in a patient. Therefore, even if there might be a nexus between inhibiting osteoclast 
function in vitro and inhibiting osteoclast function in vivo , there is no nexus between inhibiting 
osteoclast function in vitro and inhibiting bone loss in vivo . A skilled artisan would not know 
whether lL-1 1 indeed causes bone density loss in vivo for the following two reasons. 

First of all, at the time of the instant invention, it was known that IL-1 1 stimulates 
osteoclast function by eliciting IL-1 1 signaling in osteoclasts (see the Girasole article). So it is 
possible that IL-1 1 can stimulate bone resorption . But it was also known, at the time of the instant 
invention, that osteoblasts contain IL-1 1 receptor (see last sentence in the abstract of Romas et al, 
J. Exp. Med. 183: 2581-2591, 1995, Exhibit A). Thus, it is also possible that IL-11 can stimulate 
bone formation . Given the opposite functions of osteoclast and osteoblast in vivo, a skilled artisan 
would not know whether IL-1 1 administration to a patient in vivo would actually cause net bone 
formation or bone loss. This is completely different from IL-6 signaling, where it is presumably 
shown that IL-6 act on a single cell type (synovial cells) to cause RA. 

Secondly, at the time of the instant invention, it is unknown whether IL-1 1 signaling would 
have a significant effect on bone density in vivo. A plethora of cytokines / growth factors were 
known to be able to regulate at least one aspect of bone homeostasis - osteoclastogenesis. Simply 
because a cytokine (e.g. IL-1 1) can perform a certain function in vitro, does not necessarily mean 
that the cytokine is the sole or even a significant cytokine that performs that function in vivo. 
Thus, it is completely possible that IL-1 1 is capable of affect bone density, but only in such a 
minor role that eliminating this effect in vivo would have no discemable changes in overall bone 
density. This is analogous to the situation where several streams flow into a pond, cutting off any 
single stream, especially the small ones, may not have any appreciatable effect on water level in 
the pond at all. 

Thirdly, the nexus between IL-6 and IL-1 1 - both cytokines , as used herein by the Office 
Action - is too casual and loose to provide a strong enough motivation to combine and sound 
enough predictability (expectation of success) to a skilled artisan. "Cytokine" is a very broad 
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functional term (defined as "any of various proteins secreted by cells of the immune system that 
serve to regulate the immune system" by the Merriam-Webster Medical Dictionary) used to refer 
to a very large family of secreted proteins with extremely broad spectrum of biological functions, 
but not necessarily any structural similarities. For example, in the instant case the condition related 
to IL-6 in Kishimoto is RA in vivo, while the condition related to IL-1 1 in Girasole is inhibition of 
osteoclast function in vitro, which has nothing to do with RA. Plus there is no obvious structural 
similarity between IL-6 and IL-1 1. Therefore, a skilled artisan would not be motivated to rely on 
the result from a totally unrelated protein in a totally unrelated function to predict the effect of 
inhibiting IL-1 1 in vivo, simply because these two unrelated proteins all belong to the loose family 
called ^'cytokines." If the name 'TL-6" and "IL-1 1" sound like there is an actual connection, IL-6 
is also known in the art as "interferon beta-2," "B-cell differentiation factor," "B-cell stimulatory 
factor 2 (BSF2)," "hepatocyte stimulatory factor (HSF)," or "hybridoma growth factor (HGF)." 

Another problem with cytokine is redundancy - many structurally similar or different 
cytokines might unexpectedly regulate the same biological function, and neither one of them is 
"essential" for the regulated function. In other words, taking away any one of the many cytokines 
regulating the same biological function (such as bone formation or resorption) may or may not 
have a discemable effect on that biological function. Thus there is no reasonable expectation of 
success without actually doing the experiment with the particular cytokine. 

This problem is also linked to the problem of in vitro - in vivo correlation for cytokines. 
Very often, a cytokine is found to have the ability to affect a biological function (such as 
regulating osteoclast function) in vitro, but turns out to be insignificant in vivo due to the fact that 
other cytokines can carry its "duty" at the absence of that cytokine. An example on point is shown 
by Nandurkar et al {Blood 90: 2148-2159, 1997, see Exhibit B in response to the Office Action^ 
mailed on July 16, 2001), who demonstrated, surprisingly, that mice lacking IL-1 IR showed wild- 
type level of adult hematopoiesis, although it was known that IL-1 1 affects hematopoiesis in vitro. 
This indicated that preventing the function of IL-1 IR in vivo, as accomplished by Nandurkar et ai 
by "knocking out" the IL-1 IR, may not achieve the same effect seen in vitro. 

Because of these, a skilled artisan would not see Kishimoto as a reference relevant to the 
problem of treating bone loss in vivo, and thus would not be motivated to combine Girasole with 
Kishimoto. It may be obvious to block the function of a cytokine, if it is known that the cytokine 
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indeed causes the disease plaguing the patient. But here, until the surprising finding of the instant 
invention that IL-1 1 actually has opposite effects on osteoclast and osteoblast, and that IL-1 1 
signaling does affect bone density in animal model, no one is certain about the in vivo effect (and 
thus usefulness) of IL-1 1 in treating bone loss patients. 

In fact, Applicants note that prior arts in Kishimoto (Wendling et al, " Treatment of severe 
Rheumatoid Arthritis By anti-IL-6 monoclonal Antibody ," J. of Rheumatology IQ: 259-262, 1993) 
established that administering IL-6 antibody to chronic RA patients was at least temporary 
beneficial in treating RA (see column 2, lines 31-35 of Kishimoto). Meanwhile, Kishimoto at best 
clarified the mechanism of IL-6 signaling in RA (blocking IL-6 function with IL-6 antibody in 
synovial cells is beneficial for RA patients). If such a clarification of mechanism of a known 
method is non-obvious and patentable (see claims 6-1 1 of Kishimoto), the pending claims of the 
instant application, based on a novel and unobvious mechanism and use of the IL-1 1 Ab, ought to 
be novel and unobvious and thus patentable. 

Claim 50 is rejected under 35 U.S.C. 103 as being unpatentable over Girasole et al (1995) 
in view of Kishimoto (supra) and Queen et al (U.S. Pat. No. 5,530,101). 

Girasole and Kishimoto are discussed above. The Office Action alleges that Queen teaches 
humanization of monoclonal antibodies, thus rendering claim 50 obvious when combined with 
Girasole and Kishimoto. 

As argued above, the claimed invention is not obvious in view of Girasole and Kishimoto, 
and Queen does not in anyway correct these defects, even assuming a skilled artisan would be 
motivated to combine Queen with Girasole and Kishimoto to make humanized antibodies to 
inhibit osteoclast function. 

Pursuant to MPEP 2143, "To establish a prima facie case of obviousness, three basic 
criteria must be met. First, there must be some suggestion or motivation, either in the reference 
themselves or in the knowledge generally available to one of ordinary skill in the art, to modify 
the reference or to combine reference teachings. Second, there must be a reasonable expectation of 
success. Finally, the prior art reference (or references when combined) must teach or suggest all 
the claim limitations." 
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Therefore, none of the three requirement for establishing a prima facie case of obviousness 
is met. Reconsideration and withdrawal of rejection under 35 U.S.C. 103(a) are respectfully 
requested. 



CONCLUSION 

In view of the foregoing amendments and remarks, Applicants submit that the pending 
claims are in condition for allowance. Early and favorable reconsideration is respectfully solicited. 
The Examiner may address any questions raised by this submission to the undersigned at 617-951- 
7000. Should an extension of time be required, Applicants hereby petition for same and request 
that the extension fee and any other fee required for timely consideration of this submission be 
charged to Deposit Account No. 18-1 945. 



Date: April 20, 2004 

Customer No: 28120 
Docketing Specialist 
Ropes & Gray, LLP 
One International Place 
Boston, MA 021 10 
Tel. 617-951-7000 
Fax: 617-951-7050 
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Respectfullnr Submitted, 



Yu Lu 
Reg. N 
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EXHIBIT A 

The Role of gpl30-mediated Signals in Osteoclast 
Development: Regulation of Interleukin 11 Production 
by Osteoblasts and Distribution of Its Receptor 
in Bone Marrow Cultures 

Evangelos Romas,* Nobuyuki Udagawa/ Hong Zhou/ 

TaLsuya Tamura,* Mikiyoshi Saito,* Tetsuya Taga,S Douglas J. Hilton,^ 

Tatsuo Suda/* Kong Wah Ng,* and X John Martin* 



*St- Vincent's Institute cf Medicnl Sicsennh, Uniuersity of Melbourne, Victaria, 3065,Austra!ia:^Fiiji 
Gotcmba Rjdscarch Lnbomtorkh Chu^ai Pharmaceutical Co., Shiznoka 41 2, Jap(]ti; ^Institute for , 
Molecular and Calhdar Biolo^^y, Osaka Utiipfrsiiy, Osaka S65 Japan ;^Walter and Eliza Hall 
hutituts of Medical Research, University of Melbourne, Victoria, 3050,Ausiratia;"* Department of 
Biochemistry, School of Dentisfry, Slmua University, Tokyo 142, l{ipan 



Summary 

J.nt.erleukin (IL)-ll is a multifunaioni^l cytokine whose role in osteoclast development has not 
been fuUy elucidated. We examined IL-1 1 production by primary osteoblasts and the effects of 
rat monoclonal anti-mouse glycoprotein 130 (gp130) .mtibody on osteoclast formation, using a 
coculcure of mouse osteoblast and bone marrow cells. IL-1, TNFa, PGE2, parathyroid hor- 
mone (PTH) and la,25-dihydrox7vitamin D3 {1ql,25{OH)iD^) similarly induced production 
of IL-11 by osteobia-scs, but IL-6, IL-4, and TGFp did not. PrimaFy osteoblasts co.nstitutively 
expressed mRNAs for both 1.1-1.1 receptor (IL-llRa) and gpl30. Osteotxopic factors did not 
modulate IL-URa nvRNA at 24 h, but steady-state gpl30 mRNA expression, in osteoblasts 
was upregulated by la.25(OH)2D3, PTH, or lL-1. In cocukures, the formation of muldnucle^ 
ated osteoclast-likc cells (OCLs) in respoase to IL-U, or IL-6 together with its soluble IL-6 re- 
ceptor was dose-dependendy inhibited by rat monoclonal imri-niouse gpt30 antibody. Fur- 
thermore, adding anti-gpl30 antibody abolished OCL fomiation induced by IL-1, and partially 
inhibited OCL formution induced by PGE,, PTH, or la.25(OH)2D3. During osteoclast for- 
mation in marrow cultures, a sequential relationship existed between the expression of calcito- 
nin receptor mRNA and iL-llRa mRNA. O-Steoblaste as well as OCLs expressed transcripts 
for IL-llRci, as indicated by RT-PCR analysis and in situ hybridization. These results suggest 
a central role of gpl30-coupled cytokines, especially lL-11, in osteoclast development. Since 
osteoblasts and m;Uure osteoclasts expressed iL-llRa mRNA» bodl bone-foniijng and bone- 
rcsorbing cells are potential targets of lL-1 1 , 



Interleukin (IL)-ll is a functionally plciotropic cytokine 
that; WIS isolated from a bone marrow-derived stronial 
cell line based on its ability to stimulate the proliferation of 
IL-6-dcpendent ceDs (1). An indicadon that IL-11 might 
regulate Connective tissue responses was given by its expres- 
sion in relatively restricted cells of the mesenchymal lin- 
eage, such as lung fibroblasts, bone marrow stromal cells, 
placental stromal cells, articular chondrocytes, and synovio- 
cytes (1-4). 



A portion of this work was presented ?t ihc [7th Annua] Meeting of cbe 
Ai-ncrican Society for Bone ;ind Mincirai Research (Baltimore, MD, Sep- 
tember 9-13. 1995) snd M been published in an abstra^^t fyrm (1905./ 



The IL-11 receptor is a cell surface receptor that consists 
of two components: a unique hgand-binding 150-kD gly- 
coprotein chain (IL-llRa) (5. 6) and a non-lig^nd bind- 
ing, signal transducing 130-kD glycoprotein chain (epl30)> 
(7, 8). Both components are necessary for high afiinity 
binding and signal transduction (6, 8). Signaling occurs af- 
ter ligand-induced dimcrization of gpl30 that activates dov^^Ti- 



^AbbrcMom ase^ m this paper la,25(OH)jD.i, la.25-dihydroxyvitamin 
D3i CTR, cali;nOTiirt receptor; gpl30, glycoprotein 130; IL-HRa, IL-U 
receptor; IL*6Ra, fccepccif; LIF, leukemia inhibitory factor OCL, 
osteoclasHikii muliinucleircd cell; OSM, oncosratin M; PTH, parathy- 
roid honiionc; slL-6Ra. soluble lL-6 receptor; TRAP* Tamnte-rcsisunt 
acid phosphatase. 



2581 J. Exp. Med. © The RockcfeUer University Press • 0022-1007/96/06/2581/11 $2.00 
Volume 183 June 1996 2581-2591 
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stream molecules. These include members of the J AK fam- 
ily of non-receptor kinases and a latent tmoscriptiOA factor, 
acute phase response fector or signal transducer and activa- 
tor of transcription &ctor 3 (APRf /STAT 3) (9, 10). The 
gpl30 signal transducer' mediates biological effects exerted 
not only by IL-11» but also II/-6, oncostadn M (OSM). leu- 
kemia inhibitory factor (LIP), ciliary neurotrophic factor 
(CNTF), and 'cardiotrophin-1 (CT-1) (11, 12). 

Several lines of evidence suggest that TL-11 is an impor- 
tant osteotropic fector. ID- 11 receptor transcripts arc present 
in chondroblastic and osteoblastic progenitor cells during 
mouse embryogefiesis (13). 11^11 itself is produced by hu- 
man osteosarcoma SaOs-2 cells (14), and Girasolc ct al. (15) 
showed that IL-11 dose-dependendy stimulated osteoclast- 
like multinucleated cell (OCL) formation in coculaircs of 
mouse osteoblasts and bone matrow cells. They reported 
that monoclonal and-IL-1 1 aiitibody inliibited osteoclast for- 
mation induced by several osteotropic facton. Wc also re- 
ported that IL-11, IL-6 together with its soluble IL-6 re- 
ceptor (sIL-6Ra)/OSM and LIF similarly triggered' OCL 
formation in coculttires (16-, 17). 

These observations focus iiiterest on the modulation of 
II^ll and its receptor during OCL development. In the 
present study, we measured IL-11 production by primary 
mouse calvarial cell cultures using a novel bioassay based on 
the escpression of functional EL-ll tecep.tois in Ba/F3 cells 
(6). We exajnined tlie effects of IL-1, TNFa, PGE^. par- 
athyroid hormone (PTil) and lot,25-dihydroxyvitamin D3 
[la,25(OH)2D3], all of which induce OCL formation in 
mouse cocultures. The role of gplSO-mediated signals in 
OGL formation was determined using a rat monoclonal anti- 
mouse gpl30 antibody. The expression of gpl30 and IL- 
11 Ra mRNA was studied by Northern analysis and re- 
verse transcription-PCK, respectively. The distribution of 
IL-llRa transcripts investigated by in situ hybridiza- 
tion. 

Wc found that osteotropic factors induced IL-11 pro- 
duction by osteoblasts and in addition, modulated steady-state 
levels of osteoblast gpl30 mRNA. Interleukin-ll receptor 
transcripts were detected in osteoblasts and osteoclast-Hke 
cells. In the present study wc demonstrate that gpl30-mc- 
diated signals are critical cofactors for osteoclastogenesis in- 
duced by a variety of bone resorbing factors. 



Materials and Methods * 

AnimaU and (pytoidnes. Newborn and 6-9-wk-old male • 057/ 
B16J mice were purchased from Monash University AnimaJ Ser- 
vices Center (Cbyton; Australia). Recombkiant human IL-11 (spe- 
cific activity 10^ U/mg protein) w;is obtained from Dr. T. WiUson 
(Walter and Eliza Hall Institute, Melbourne, Australia). Neutral- 
idng monocldnal murine anti-human IL-11 antibody was gener- 
ously provided by Genetics Institute (Cambridge. MA). RccOm-^ 
binant niIL-ll..mIL-6, hOSM» mTL-S, raILT4.. hLIF. mlL-la, 
and mTNf a were purcliased from Peprocecli (kocky Hill, 
Mouse sIL-SR wK prepared. from CHO cells as described (16). Re- 
combinant- hTGFP.l: was -the 'gift, of Gcncmcch Inc, (San Fran- 
cisco, GA). l(x,25.(pH).2P3 was obtained from Wako Pore Cheipical 

■ y.;- ■ ■ ^ 2582' •U-tlandgpl30Sigriidsm' 



Co. (Osaka Japan). Bacterial coDagenase obtairicd froni Wonfe'i 
ington Biochemical Co. (Freefold, Australia). Other chemicals ancj^iij 
reagents were of analytical grade. ' 'j!^ 

Cell Culture and 'Ddcnnsnation of Osteoclast CkwKteristics. To. iiQ» • '"^ 
late osteoblastic cclb, 6^10 calvaria obtained from l-d^ild mice wcte ••.■i^ 
cut into small pieces in 10-cm culture dishes widi 5 nil of a-MEM' 
(GIBCO BRL,'Gaithersbiirg, MD) containing 30% FBS (Cytosys--. -"1 
tcms, Casdc Hill, NSW, Australia). Typc-I coUagcn gel solution - i* 
(703^. 5 ml) (Ccllmatrix Typc l-A; .Nitta Gelatin Co.» Osaka, ji-- ,>\ 
■ pan) was added in the culaire dish according to the mantfiictur- ^ 
ers' instnicdons. After culture for 4-6 d, osteoblastic cells grown.* 
from the calvaria were collected by treating with PBS containing" 
0.3% cf>lUgcna5c for 20 min at 37'C (17). These freshly isolated 
. osteoblastic cells were coculaircd with bone marrow cells as dc^ 
scribed (16, 17). In short, primary osceobla:;tic cells (10* per wdl) . . 
and nucleated mairow cells (2 X 10^ per wclQ were cocultured in ; . 
48-wcll plates (Coming Glass Ins., Coming, NY) with 0.3 ml of. '.1 
a-MEM containing 10% FBS in the presence- of test chcndcals:' 
Cultures were incubated in quadruplicate and cclk wcte replenished ".• \ 
on day 4 with fresh medium. OCL foimation was evaluated after 
cuJcuring for 6 d. For taEtratcrcsistant acid phosphatase CTRAP.) • • v 
staining* .adherent cells were fixed with AVo fonnaldehydc in PB.S; ■ 
for 3 min. After treatment witli etlianol-acetone (50/50,. vol/vol) ' 
" for 1 min, the well surface was air di^ed and incubated for 10 min. Jj 
at room temperature in an acetate buffer (0,1 M Sodium acetate». 
pH 5.0)' containing 0.019^ napthol AS-MX phosphate (Sigaia 
Chetn, Co., St /Bonis, MO) as a substrate and 0,035i"rcd violet-," - ? 
LB salt (Sigma) as a stain for the reaction product in the presence .. ' ^ 
of 50 niM sodium tanratc. TRAP positive ceHs appeared as dark-; 
red cells. The expression .of calcitonin* receptors (CTR). was aS- 
. sessed by autoradiography using [^^T] -salmon calcitonin as der-';''.' 
scribed (16-20). ; ' . . '^f 

Mouse bone niarrow cell ciiltures were prepared as described' • 
(18, 20). The marrow cells were plated at i X 10* cells/nil.and in-' \ii 
cubatcd in a-MEM containing 12.5% FBS in 9-aTi petri dishes . 
(Nunc, Inc. NapcrviJle, IL). OCL fomiation was induced .by lbt,25 ;,.v 
{OH)JD^ (10 nM), added on the first day and every third day thercj . V* 
after, when half die medium was replaced with fresh medium. In \^ 
parallel cultures, the cells were cultured on top of 13-mm Thcif- . 
manox coverslips (Nunc) for enumieration of OCLs by JRAP- , .:,J 
staining and ['-^I] -calcitonin binding. ' 

For in sin^ hybridization, after coctilairing on collagen gels for . i 
7 d (19), cells were treated with collagenasc (0.2%), and subcut ■■.yJ 
turcd on top of 13-mrn di^imcter Thcnnunox coverslips (Nunc) 
in 24-well plates, before'^processing. , :\^^' 

A stock of the mouse bone marrow-derivcd stronial cell line^'\ 
ST2 (21, 22), was obtained from RTKEN cell bank (Tsukuba, Ja:.;^^ 
pan). ST2 cells m the 12di passage were grown to sub-confiuence m % 
7S-cm* tissue cultfure flasks (Nunc), in phenol rcd-frcc ot-METvi't:^ 
containing 10% FBS- The medium was changed, to 2^ FBS over:7 
niglic, and cells were treated widi osteotrojpic factors before extrac-^' 
tion of total RNA at the appropriate times. . . 

Biological Assay firlL-lh lt-1 1 activity was measured using ^'.^ 
the Ba/F3 cell taicroproliferation assay (6, 23)/$urvival aind pro.- 
liferation of Ba/F3 cells arc supported by 11^3, anJ. also by IL-H'iV 
after tiansfcction with cDNAs/or nilL^llRjot aiid^l30' Trans-^J':* 
fected cells also respond- to higji tfoncentiatioiisjof the .'complex oD. 
mIL-6 and sIL6R.a (3 lig/ml IL-6 and 500 ng/ml slt^Rot,, tt^% 
spccrivcly). but do not proliferate in TC3pom)f>jo OSM, IL-.6, otr^' 
LIF (6). The cells did not show effect wit??otHe^^ or re|^ 

agents ■ used in. the, . present . Btudy^ Ba/JF3. .doxies . 'yfcjct/^^fiyyn ■ ix^ 
DME- containing 10% (vql/vol) I^f> ajii io^!'^^^^ 
3B D-condiuoocd n^bdium.as a source of .IL,T.3!-;(2^);;.G§lls: we^^^^^ 
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■inaintimed by twice weekly pa55;igc and mtd in exponential 
growth phase. Gell proliferation was measured in Lux-60 riai- 
^;.erowcil HL-A plates (Nunc). For use. Ba/F3 cells were washed 
^ three times in DME concbining 20% (vol/voi) FBS aod rcsus- 
R'. fended at a concentration of 20,000 celis/ml in the same me- 
itj/clium. 10-|xl aliquots of cell suspension were then placed in the 
f culture wells with 5 \iA of serial dilutions of recombinant 11^3, 
I • ILr-11, or cultore siipemacants. After 2 d of incubation at Zl^C m 
I ' a fully humidified incubator containing 10% COj in air. viable 
t cells were counted using an inverted microscope. IL-11 conccn- 
^. trations in the supcmatants were determined from a Standard 
= curve sec up with biown j^moimts of recombinant II^U. The 
detection limit of this assay was typically 50-100 pg/raJ (Fig. 1), 
> EUSAforsIL6Ra, Concentrations of sIL^Ra were deter- 
mined by a sandwich ELISA using rat monoclonal ar)ti-mIL-6Ra 
antibody and rabbit polyclonal anci-mIL-6R0L antibody, as dt- 
scribed (25). The detection limit of tliis assay was 1 ng/nil. 

NoTtkem Analysis. Total cellular RJS! A was extracted using die 
■gdanidinc thiocyanate-phenol chloroform method (26), fraction- 
ated by electrophoresis on 1.5%ag:»rose-formaldchyde gels (20 ^g/ 
lane), and transferred to nylon membranes (Hybond-N; Amer- 
^am Coip, Adington Hei^its, [L). A 2.7-kb mouse gpl30 cDNA 
(27) was random prime labeled with p^]dCTP to a specific acdvicy 
of 1 X 10' U/min/mg DNA (Bochtingcr Mannheim, Mannheim 
^- •.GmbH, Gennany). Hybridization and washing were carried out 
as previously described (28). Specifically bound cDNA was quan- 
aficd using a PhospHorlnwger and ImagcQuant software (Molec- 
ular Dynamics, Suniiydale, CA). Relative mRNA levels were nor- 
nuliiced for loading variabilicy by comparison with 18S ribosomal 
lit' RNA levels in the same membranes, probed with a '^^-labeled ' 
18S ribosomal RNA oligonucleotide. 

\ •PCRAmpHficationofReverse-transaibedmRNA. Expression of 
ilL-URa, IL-6Ra, and calcitonin receptor (CTR) mRNA re- 
ycrsc-transcribed from primary osteoblasts or bone marrow cell 
=-:.culturc3 were dctcmiined by PGR and Southern blot analysis. First 
strand cDNA was synthesized from 2.5 |jig of total RNA by incu- 
; bation for 1 h at 42'C with 12 U of avian myeloblastosis virus re- 
■'•vcisc transcriptise (Promcga Corp., Madison, WI) after randotii 
.:hexanucleotide priming. Tlic reaction nnxture (25 |xl) was made 
?v^p to 100 fiJ with sterile diitdlled water, and 10 pJ (1/10) were sub- 
. v^mitted for PGR to amplify the sequences of the mouse IL-llRa, 
^Tiil-6Ra, CTR, and GAPDH mRNAs specified below. The re- 
:^<:tion mixture contained 50 pmol of each primer, 0.25 mM dATP, 
•ddTP. dCTP, and dTTP (Pharmacia, Uppsala, Sweden), 2 ^ 
>10X reacdon buffer, 1 U of Taq DNA polymerase (Boehiinger 
cMannhcim) and sterile distilled water, and was overlaid with 50 fll 
6f paraffin oil. PGR for CTR, EL-llRa, and lL-6Ka was per- 
.^brmed in a DNA Thermal Cycler 480 (Perkin-Elmer Cetus In- 
J$itrs., Norwalk, CT) as described (17). To permit scmiquanritation 
c^f dae PGR products* preliminary experiments were perfomied 
?Cp' ensure that the number of PGR cycles employed for each prod- 
;uct in a given experiment (described in .the legends to Pigs, 5 and 
^) AVIS within the exponeniiai pliasc of the amplification curve. 
l^iCR products were resolved on a 2% wt/vol agarose gel and, the 
^^^^ecificity of the* reaction was confirmed by Southern, tiansfpr 
^;htD. nylon membranes (Hybond-N; Amcrshara) anSi'tiybjri^aa- 
^'fen with .^^P-labclcd internal oligonucleotide probes. . ; \ 
^'Gontrol PCR reactions were carried out ori nbn-reVersie -tran- 
'ctibcdRNA; in none of these samples were PGR .products, de.-. 

^v- Oligohuclcoodcs wcrc-synthcsitcd on in AppHed-feiOsyseeins;- 
^'i^A syndiesizer model 5SlA' (FQstcf City, CA):^tht-^'o^^^ 
"eoiides fotmotue IL-6Ra .(17:) ^.ere: .5VGGTGTGTi3>G4&% i. 



TCCAGAGGAT-3' (3' primcrcompleincninry to nucleotides -986^ • 
1001) and 5^CTGCCAGTATTCTCAGGAGCT&:3' (5' priiner 
complementary to nucleotides 488-519). The products were veri- 
6ed by Soudiera hybridization with tlie intetnal oligonucleotide, 
5'-CACAAGGAAGCGTTTCACAGCTT-3'': The oligbnucleo^. 
tides for mouse IL-llRa (6. \7) were: 5'-GGAGGGCTCCA- 
• GAGGGT-3' (3' primer complementary to nucleotides 661-667} 
and 5'-GGGTCCTCCAGGGGTCCAGTATGG-3' (5' primer . 
complementary tonudeorid^- 133-156). The prt>ducts wereVcrified 
by Southern hybridizatioifi with the internal oligonucleotide^ 
5'-CTCCTGTACTTGGAGTCCAGG-3', The oligonudcbtidies 
for mouse CTR wer^: 5'-ACAAACTGGA(T/C)(T/G)CCC-. 
AGCAGGGGGAC-3' (3' primer complementary to nucleotides 
1663-1689) and 5'nAAGAACATGTT(C/T)CT(C/^G/nAC- 
TTA (5' primer complementary to nucleotides 1058-1079), as 
we previously reported (20). The CTR PGR products were ver- 
ified with the internal sense strand oligonucleotide, 5' -rACCAA=- 
GATGAGGCAAACC-3', by Southern hybridization, • . ^ " 

To ensuit equal Starting qu^tities ofcDNA for die expenments, 
and to allow semiquantitatioii of the PGR. products representing 
noILll'Ra or mIL-6Ra, the rcyerse-tiaiiscribed^ RNA- samples' 
were also amplified using oligonucleotide primers ipfohc for 
GAPDH (29). A firagjmenc of --420 bp was^aniplified using 5 '-spe- 
cific oHgonuclcotide, (5'-CATGGAGAAGGCT'GGGGCTG-3'.'. 
representing nucleotides 306-325 ofrat, GAPDH) and 3'-spfjpific 
oHgonucleotide, (S'-AACGGATAGATTGGGGGITAG-S;,; rep- 
resenting nucleotides 701-720). Products were verified wth P^]^ 
labeled internal oligonucleotide (S'-GCJGTGGGCAAGGT-;. 
GATCCG-3'j representing nucleotides 640^59), The signals were 
quantitated using a Ph^sphorlmager and ItnageQuant software 
(Molecular Dynamics). ' ' 

Preparation, of Anti-Mouse gp-13Q AndboJy. Wistar rats were im- 
munized with 100 M-g of soluble m'ouse gpl30 in Freuhd's -com-. 
plete adjuvant, followed by seven 50-|xg boosts of soluble mtius^ 
gpl30 in Freund's incomplete adjuvant once a week.*3'd after the 
lajjt boost, the rats were sacrificed and spleen cells were fiised with 
P3U1 mouse myeloma cells with polyethylene glycol 150Q (Bbeh- 
ringer Niarmheim). Hybridomas Were established by conventional 
hypoxanthine/aminoptcrin/ thymidine selection methods, and hy- • 
bridomas producing anti-mouse gpl30 were selected by flow cy- 
tometry using BAF-ml30 cells, which were established by trons- 
fcction of BAF-B03 cells widi mouse gpl30 cDNA (27). • 

Briefly, culture supematancs of the hybridomas (100 ^iJ) were , 
added to BAF-ml30 cells. (5 X 10^. ceils) with 100 Jil of'Ca^^,. 
Mg^"*'-£rce phosphate-buCered 'saline containing. 2% heajt-iirtaca^ 
vated FBS and 0.1% sodium azide. The cells were incubated fpr: 
20 min on ice, and then incubated fot 20 min With FlTC;^COrijuV 
gated mouse 'anti."-rat IgG (2 jig/ml) on ice. Stained" Cells' were 'aii^ 
alyzed by flow cytometry using FACScan® • (Becton ©iclonson 
Jmniunocytometr/ Sys., Mountain View, CA). Hybridoirias refe-- 
ognixing sohabJe mouse gpl30 were cloned twice' by. limiting _dir 
lurion. Estabhshed hybridomas were expanded as-ascite tiunp;i:$m 
BALB/C nude ttiice, arid the antibody was purified; firom. .the 
fluid with, protein G-agarosc coluiim" (Oncogene: 'Sdcjcicc,^ Inc.^- 
.Manhasset.NY). , • . . ^;vi'-:-v!..r!j^ 

Synthesis of Ribopwbe.- A ribopfobe for.mojisc itylll^'a']^^^ 
synthesized and labeled with digbxigenin 0lS)-_t^^^^^^ 
vlaheiin^ kit (Boelifirijger Marmheirn) according ;t6""tK?'j^^ 
..;turer*s instructions. A 1.350-b.p PGR ^gmckjil^^^ 
'tHe • nianamalian expression vectbf'.pBF-BQ^^^ .(^^- ^vfl^wi^^ 
.^inb-the-Xbarsite of pBhieScript (Stiratageii*e^'"^Wif*^'j^^ 
■ The antiscnse' and sense probes were then 6btaine"d:^^ijlip^^ 
tion «5fith,Cipla5mid;with,Sm.d-.fQrT3.arid,tN^^ 
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merasc transcription respectively. The sptscificicy of the cRNA 
probe for its target sequence was verified by Northern analysis of 
total RNA derived from trahsfected Ba/F3 cells. 

In Situ Hybridization. In situ hybridizatign was performed as 
described with minor modificadons (30). Cocialturcs established 
on top of 13-min covcrslips in 24-well plates were rimed in ice- 
cold PBS, and fixed ill 4% pjnformaldehyde (PFA) in PBS for 30 
min. Af^cr washing in PBS, they wore prctreated with 0,2 M. HCl 
for 20 inin, wwhed with stedle distilled water for 10 min, and di- 
gested with 5 }x$/m\ proteinase K (37''C: 30 min) in PBS. After 
treatment with 2 mg/mJ of glycine in PBS to innctivite protein- 
asc K, they were refixed with A% PFA-PBS for 15 niia. Hybrid- 
ization was carried out with 2-4 ng/jjil of antisense cRNA in a 
damp chamber in a solution containing 50% formamide, 5X 
SSC, 2% blocking reagent (Boehringer Mannfteini).- 0.02% bo- 
dium dodccyl sulfate, and 0,1% N-Iauroylsarcosyl for 18 h at 
42**C. After hybridization, coverslips were washed sequentially 
with 2X SSC for 30 min, treated with 20 p,g/tnl ribonuclease 
(RNase, DNase fiee; Boehringer Mannheim) in 2X SSC for 30 
min to remove excess cRNA,. then washed with IX SSC for 30 
min, and finally with 0.1 X SSC for 30 min. Detection of hybrid- 
ized probe was with the anti-DlG-alkaline phosphatase conju- 
gate, according to the manufacturers instructions. The covertHps 
were rchydi^ted in etlunol. and counterntained with nudcar fast 
red before mounting, 

Cytospin preparations of transfected Bii/F3 cells served as posi- 
tive controls. Hybridization specificity was verified by eliminadon 
of signals after pretreatmenc with 100 f^g/ml of RNase for 1 h be- 
fore hybridization with antiseme riboprobe. 

Statbticul Analysis. StadsdcaJ. significance was detcnnbed by 'Stu- 
dcnt'.s t test. 



Results 

Regulation of JL-l l Production by Primary Murim Osteo- 
blasts. ' Wc first analy:ted IL-11 production by primary os- 
teoblasts derived from mouse calvariii. Subconfluenc osteo- 
blasts were incubated in a-MEM containing 10% FBS in 
the presence or absence of osteotropic factors, and IL-11 
activity in the culture saperna.tants was quantitated using 
the Ba/f 3 bioassay. Fig. 1 sliows the effect of graded con- 
centration of rhIL-1 1 on the viability of transfected Ba/F3 
cells expressing the mlL-llRa cliain and gpl30 {left), and 
the neutralization of this response by monoclonal murine 
anti-human. IL-11 antibody (alL-ll mAb, right). Parental 
Ba/F3 cells did not respond to rhIL-11, whereas both pa- 
rental and transfected cells proHferated in response to.rxnIL-3 
(data not shown). The specificity of this micro^issay depended 
on tlTie parallel response of transfected and parental cells. 

Using diis assay, it was clear that uiistiinulatcd osteoblasts, 
produced Icvch of II^l 1 that were below the Kmits of detec- 
tion in our assays. In contrast, cells that were stunxilated with 
mll^la, niTNFa. PGEj, PTH» and la,25(OH)2D3 pro- 
duced readily detectable! levels of IL^ 11. -As seen in Fig. 2, 
tjic amc-d^pendcnt cffectt of IL-l, ,TNFa, or PtSifi^ Wefe 
appred.nted only after incubation for 6 h, and were near- 
nia^nal afi:er 12-h incubation,. The levels of IL-li .pre&ent 
after l?;rH or l<r,25;(OH•)^D3 stimulatipn were not -m^sdin^ 
befbrfe;:24-h;\ . ••■.—i.-.^ . -o- ■•• . . ■ v^^":^; ■ 

..Figi-3:.dcihonstratc$ .tlie.dose^depen'dcnt -natureio^/^se 
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Figure 1. Left panel shows a 0)icroa»ay for Da/F3 cell proliferation. 
Tr<*n5fe<i&d Ba/F3 cclh expressing the mIL-llR.ft chain and gpl30 w^re, 
incubated at. 200 cells' pet well in i volume of iS-jiI' wid^ the indicated * 
amounts ofrhlL-ll. Aficr incubation' for 48 h the numbers of viable celk. 
were counted. In pariiUcl incubacioiw, pare nol Ba/PS cells were rion-via- . 
blc (not shown). Right panel shows dir-cffcct of graded concentratiom Of. . 
moJiodoua! murine anti-human IL-11 antibody (aJJ>ll nnAb)^on the. re- 
sponse of tbnsfftcted Ba/P3"cells to rhlL-11 (1.0 ng/ml). . _ 



responses. The effects of IL-1 or TNF were evident with 
concentrations as' low -as 0.1 ng/ml (th^ lowest concentra- 
tion tested). Doses as low as 10 pM la.25,(OH)jD3 and 25'. 
ng/m.l of hPTH (1-34)' induced IL-^11. Import^ndy, the 
ity to induce IL-11 release from osteoblasts was not a gen- 
eral property of all osteotropic cytokines, since. mlL-6 (20 * 
ng/ml), hOSM (20 ng/nil)/hTGF|3 (1 ng/ml). or. mIL-4 
(10 ng/nJ) did not elicit EUl release (Fig.. 3). The effects' " 
of IL-1 and TNFa on IL-11 production were abolished by- 
incubating with die cyclooxygcnase inhibitor indotnetlxaciu - 
(10-^M), but die effects of PGEj, PTH, or la,25(QH)2p3 
were not (data not shown). Thus, prostaglandins seenied to 
be involved in II^l 1, production induced by EL^l and TtfF 
in these cultures. Indeed PGE^ itself potcndy induced TL-1 1 
production by osteoblasts (Figs. 2 and 3). 

Li view of the possibility that sTL-6Ra pres'ent in .con- 
junction with 11^6 might also have . stimulated^ thc^trans- . 
fected'Ba/F3 cells, wc assayed the sIL-^PLa c.onceis.ttadioas : 
by ELISA. In none of the culture superpatants;from these 
experiments was sIt-6Rot detectable (detection linnf 1 ng/ml; 
ddta not shown). In contrast, the growth activity in the'su- 
pernatants was completely neutralized by mouo4o'^' niu- 
rine anti-human IL-11 antibody (Table 1). Together* this 
evidence indicated that the activity irt the ciilturt su^cfhi^ ' 
tants measured by the nucroas^ay was due to' the' ^jreseri^ce 

ofii^ii- ■ . ^" ' 




of la,25(OH)2D3 .in mechating' osi^O^^^^ 
iiiQusexocidtujO'System. (3 

.m.ottOc]onal aiiti^humaa-nL^T^l-antibOdy^^^^ • 
clast fonnation. (15), ■ ^ye^meaJsnlrea..d^e^e^^^^ 

"2584 ;iL-ll'and:roi:K)^Sigtiils in^ ' ' .' '■■[■"'^^■!^''-'\^ 
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[ on. endogenous IL-1 1 production in coculcurcs. As shown 
' ' jn Fig. 4» treatment with 10 nM lc3t.25(OH)2D3 resulted in 

* striking accumulation of IL-11 in the siipernatants, signifi- 
•candy different from untreated cooilturcs, in which IL-11 

• was not detected. 

■ . Expmsicn of Transcripts for IL-llRa Chain and gpl30 by 
Primary Osteoblasts. Since funcdonal responses to IL-11 arc 
• ;:dcpcndcnc not only on local production of the cytokine 
■ ■•^': i)tit also expression, of its specific receptors, wc next dctcr- 
iincd expression of IL-11 receptor mRNAs by primary 
y?-;^i';i>5teo As shown in Fig. 5, these cells constitutively 
|=^^xpressed transcripts for II^llRa ,ind gpl30. By the semi- 
iljrguantitadvc RT-PCR procedure, no moduladon of IL-llRa 
iff i^^A relative to GAPDH mRNA was apparent ^ftcr 24 h 
l^lsdmuladon widi la.25(OH)2D.i, PTH. or IL-t Ho^Vever, 
i^l^orthern analysis revealed that steady-state gpl30 niRNA - 
" yels were uprcgulated. Thus, after 24 h lot,25(OH)2P3 
f nM) and PTH (200 ng/ml) elevated gpl30 mRNA 
f^ijvels 3.1- and 1. 7-fold, above control, respectively. Simi-. 



Figure 2. EL-U productioii by primary osteo- * 
blasts. Subconflu em murine bsteoblMts wert cul- 
tured itbr up to 48 h iii the absence (umtiniuhtcd) 
oi presence of mIL-la (5 ng/ml), mTNFot (10 ng/ 
ittl), PGBj (10^ M),- PTH (200 ng/nj), ot 
laj25(OH)jD3 (10 nM). IL-11 rtltascd into the su- 
pematants WiS iJuantiOwd at «ch time point vsing 
the Ba/F3 cell bioassay. Each value represents the 
IL-ll .bioactivity'(nican ± SE) of tripb'catc cultures.- 
Unstimukted psteobUsts did not ' release detectable 
IL-il at. any cikepoibe (dsici not shown). These rc- . 
• lulta arc rcprcsentarivcs of rcpEcatc expcrinictits. 



krly, IL-1 (10 ng/ml) upregdated gpl30 mRNA levek2.4: 
fold above unstimulated osteoblasts, la,25(OI^2^5 also up'- 
regalated gpl30 mRNA in ST2 cells, a clonal mouse strpnial 
cell line that is capable of sUppordn'g'osteociast formation {21, 
22). In contrast, other steroid hormonds (p-Estradiol'' oc 
Dexamed^asotie) did no; dffect steady-state gpl30 mRNA 
inST2 cells (Fig. 6); ^ . ' 

Effects of Murine Monpclpnal Ahti-£p 130 Antibody on Osted- 
dast Formatim. To establish thai gpl30-mediated sigml trans- 
duction is required for osteoclast formation by ILr6 or. IL-11*, 
wc prepared a rat monoclonal anti-m.ouse' gpl50 antibody. 
The antibody was used to define the role of gpl30-medi- 
ated sigt)^s in osteoclast formation. As shown .in Fig.. 7^ 
graded concentrations of gpl30 antibody added to murine 
coculturcs dosc-dcpendendy inhibited osteoclast fonnatipn 
ioduced by.mll^6 (20 ng/ml) in combination virith stnlt- 
6Ra (500 ng/ml). or IL-1 1 (10 ng/ml). Wc established'that 
10 fJLg/ml of tlie antibody completely neutridized the os- 
teoclnstogenic activity of each cytokine. More importantly. 
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Figure ,3. IL-11 production by priinaiy osteo- 
blasts. Subconflucnt qstcoblasK wfete' culpu^d/pr 
48 h in the absence (unslmiJated) or pcMdn^ 
the iridtCACed c'onCi!i!ptrati6nj mJI^lOtV 
.PGE;,.KTH, of ia;25(OH)p3. JLirlVf^^^^^ . 
the supernatants; waff ■ quii'tiiitcd'/^ 
cell bioassay, Eich. value reprt^cnts' tfejt^^ll. bipag 
:tt.vity *(m(fata ■± SE).* pf ;tri^_lifatc*^jil& * •' 

iiiill>6H20 ng/mfi; "ri^SM^-^^'ril/n^^^ 
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Table 1. Spcdfidty of the Ba/F3 Microassay for iL-t 1 in 
Ostcohksi Qulture Supematants 

aim mAb aiided 
(20|jig/ml) 



Culture supematjiDt (43 h) 



No stimulation 
IL-1 (5 ng/ml) 
TNFq: (10 ng/ml) 
PGE2 (lO"** M) 
hPTH (200 ag/nil) 
\a,2S{OH)p^ (10 iiM) 



3+ 1 
94 ±9 
90 ± 14 
115 ± 16 

82'i: 5 
63 ± 6*' ' 



0 

6 ± 2* 

7 ± 3* 
9 ±2* 
6 ± 2* 
4 ± 2* 



Tnnsfcctcd Ba/F3 cells were tVi^ntaincd for 48 h in the presence of 
culture supemacantJ (diluted 1:2) derived Bom primary oswoblasdc cells 
treated for 48 h, widiout or vdth. monoclonal murine anti-hufnan IL-U 
antibody (20 |xg/nU). Values shown rtptesedt the mean ± SE number 
of viable Ba/F3 cells per well fiom four replicate wells. 
*P <0.005 vs cells cultured in the absence of monoclonal murine Atlti- 
human lL-11 antibody (c<IL-ll 0\Ab). 



the anti-gpl30 antibody abolished osteoclast formation in- 
duced by IL-lot (1 ng/ml) and inhibited, by between 60- 
75%, ostcocList fonuiition induced by PGE^ (10^ M), la,25' 
(OH)2D3 (10 nM), or hPTH (1-34) (400 ng/jnl) (Fig. 8) 
suggesting a common role of gpl30 signak for ostcoclasto- 
gcnesis induced by several bone-rcsorbing factors. In these 
experiments, an equivalent concentration of non-immunc 
IgG did not inhibit osteoclast formation (data not shown), 

IL'llRa Transcript Expression in Celb of (hi Osteoclast Lin- 
eage. To invcsdgatc the possibility that OCLs as well as bone 
marrow progenitors also express niRNA for iL-llRa, the 
terapoml relationship of the e3q)ression of ILr-HRa to CTR 
n\RNA was studied during osteoclast formation , in bone 
marrow cell cultures. As shown in Fig. 9, fresh bone mar- 
row cells (day 0) constitudvely expressed IL-llRa trah- 




1 2 3 4 6 6 

Time (d) 



anio unts ' detprminc'd .* at thos e' tiracs;'';'E»e)i f>oii<t ' iffeprcicnts" Sie ' mesih ' c^- 
n-wljtjye rt-J l bjoacd vie/ of triplicate cultures. ""P <0,0Q5;-ys'"-Tti^timu- 
latcd cultures. 
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Figure 4. Effect of la.25- 
(OH)P3 on IL-n ptoducrion in 
coeulturcs of primary osteoblasts ' 
and bone marrow celb, Cocul" 
cures were, m^iotaincd for 6 d in 
the absence (unstimulated* -A-) 
or presence ( M ) of iQt,^^ 
(OH)jD3 (10 nM), widi a com- 
plete medium chdn^ afhx incuba- 
tion for 3 d At . the times indi- 
cated, 50' jxl of the culture 
medium was collected for quan- 
titadon of IL-U usmg the Bi/P3 
cell bioassay. The wount of lL- 
11 present 4 and 6 d after iiri^i^ 
don of the culture ww calculated 
by addi*^' the liy-rll ' level 'ob^-. ' ^ 
tained aMday 3 ]to the' abioldw 



Figure 5, BxpttsAlon of IL-lll^a and spl30 mRNAs by primary os-- 
tcobl^- Osteoblasts were cultured without addition (conitol) Or with 
la.25 (OHliDj (10 nM}» hPTH (200 ng/mi) or U^la (10 .ng/ml) for 24 h. 
Total R*NA was tcvcnc transcribed and amplified by 30 qi'clcs for 
iL-llRa and 20 cydci; for moiwe GAPOH mKNA. using die specific 
primert described in Methods. PGR products were .transfentd to a nylon 
membrane and hybridized with-^^P-labeled intemiJ oligoftucleoddcsispeciac 
for mll^l IRa and GAPPH «quencfi$ respectively. For Noidicm analy- ; 

total RNA (20 jig/lanq) was hybritJized to "P-labelcd epl30 cDNA. 
Hybridization with '^P-hbiled oligonacleodde specific to ISS -sequences 'j< 
was used to control for equivalence of loading.. The nunib<fr above each 
lane is the treated/corttrol rAtio *cf die intensity oflhe band(s) normalized' 
to that of GAPDH or 18S RNA, mcamrcd by dcnutometry. ' . . 



scripts. Wlien> cultures were stiinulated by 10 liM .lot,2B ' 
(OH)2D3. a time-depcndcrit increase in CTR mRNA (28 
cycles of PGR amplification), receive to GAPDH niRNA 
(20 cycles of PGR amplification) occurred, rcflectirigilificr- 
enciation of bone marrow cell progenitors,, as. mature osteo- 
clasts were plentiful in: the cultures after 5 d More inipor-^.' 
tandy, after 10 d, we consistently detected a paridlel sevenfold ' 
rise in abundance of IL-URa transcripts (30 cydes of PGR: 
amplification) relative to GAPDH niPLNA, -begiiiiiing at 
day 4 to 5. This phenomenon was- rdativcly.spccific for IL- 
1 IRoi niRNA, as evidenced by the lack of appreciable chiirijge 
in abundance of IL-6Ra mRNA (25 cycles of PGR arnpli^:^ 
fication) relative to GAPDH mRNA (Fig. 9). This sequen- 
tial relationship between CTR mRNA aiid IL-llRa 
mRNA expression suggested that expfression of IL-ilRpt 
mRNA was upregulated (}.unn^ OGL dififerenriarion. To 
test this hypotliesis,, and to verify IL-1 iRot gene exprcssioii 
by osteoblasts*, wc carried out in situ hybridiisatrpn, 

Cocultures gro^ on collagen gels were^ seated';, with ; 
la,25(OH)2D3 for 7 d, transferred to. coyerdips-.^lB) and; 
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4dh 




, densitometry. 
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Figure 6. Effect*' df ''«ctoid 
honnonw till gpl3q. iii.W^JA ex- 
pression :by.'^ST-2 ceils.! Subcpn- 
fluent ccUs'i^etc cultiiicd';fo^ 
ot 48 h'Mi^t '2%iaeuffi''C6ri^- ' 
tiom in.^herxqL;red&c^Jtr^^ 
withogt!^?aSditioiis ;(ddhfioI) *or 

with l.of|?'($>>i)iPoV'( ' 
p-£stn<^I§P^^iJ^;^,^^^ 

mtth^0^i^.^mi^ 



WIS hyb?idiii;d withii^JpTlabclef 

in'd McthbcUriTje buiSt^^ m VacHlane yu^cticf^Si^^ 

iilichiiity'of thc^binds'ndriiializcd'.io ^tiit'oF'lSS^'^I^^ 
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Figure 7. Effea of monoclonal anti-mOwSfi gpl30 andljody on OCL 
fownation induced by inE--6-^IL-6R.a, or mIL-11. CociSlwrei of bone 
xiiarrow ctlls and primary ostcoblastB wcrt in?int<iiocd in die presence of 
mJI^6 (20 ng/ml) in combinaiion wich smlL-6Ra (500 ng/ml), Or nilL- 
1.1 [10 rtg/»nJ)- Simultaneously, graded- conccntnuions of anci-gpl30 anri- 
b^ody were added, as indicawd. After calturing for 7 d. TRAP-pOsitive 
■cells wi*TC counted. Data arc expressed as the mean ± SE total number of 
TRAP-posidvc cells (OCLa) pet well of quadruplicate cultures. Pre treat- 
ment Vk'ich non-iinniunc IgG had no effect on osteoclast formation (data 
not shown), Thc*c results are u^prftscntacivca of four separate experiments. 



then processed for in situ hybridization: As illustrated in 
Fig. 10 At these cocultures contained IL-llRot transcripts 
detectable by in situ hybridization. Indeed, both osteoblasts 
.and OCLs expressed iL-llRa mRNA- IL-llR,a u-anscripts 
.were located predominantly in OCLs, which were idend- 
6ed by morphology and TRAP-staining (data not shown). 
The specificity of this result was verified by elimination of 
hybridization signals after prc-crcatmcnt with 100 M-g/nil of 
• nbonuclcase for 1 h (Fig. 10 B). 
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Figoffc'" 9. Eff^sct. of-.-lo,^* • 
. (OH)zD3 lon .izilL^URctv . inflU 
6Rat, and mCTTR inRNA ac- 
^rcssion in ..bone mairoiv cell 
cultiire$. .Bone' niatrow cells 
were cultwred for 10 d. in the 
presence 

nM). At each time point, ostcCH 
clasts -were cnumeiatcid as dc-,. 
scribed in Materials and Meth- 
ods. RNA was rcvcnc trmsoabcd 
and subjected to 30 cycles ; of 
PCR. for nilL-llPua amplifica* 
don,- 25 cycles of PCR for mll^ 
6Ra mRNA ajiiplificarioti, 28 
cycles of PGR for mCTR 
mRNA cyded .of- PGR 

. for GAPDH niRNA* using spe- 
cific primeu. ?CI]t. ptodaco 
were resolved by electrophoresis, 
' transferred xo nylon.mbmbraji.es, 
• afld, hybridized with specific 
pP]-^bcled internal oligonucle- 
otides described in 'Materials' 
and Methods;.* Upper • panel 
,ihow! ".timed • appearance of os- 
teoclasts, in the cwUures.* . Eacii.. 
- Value tepre$eotS the mean ± Sfi \ 
.of osteoclasts (cells exhibiting 
both Tl^AP staining and P"I]-CT binding) per well fcorii fotir rtjplicate 
cultures. Middle panel shows PGR products for ralL-llRti," hilL-tHa, , 
ajid CTR, at parallel time points. To allow scnuquaptitation of the PGR 
products, reverse transcribed RNA v^/as atso ampliiicd using primcn com- . 
plemeuEAry to GAPDH ^qucnccs. The intensities of autoradiographic 
signals for mTL-llRa. mIL-6Ra. and Ch?DH PGR products were , 
quantitated and i»re $llOWti in the, lower panel as the ratio of mlL-lllCa/ • 
GAPDH and'mlL-6WGAPDH. This fig\ite h a ritpceficntative of three 
sep^rite axpcrimenn; similar results were obtained in the other .two ex- 
periments. •.*••,.'• 
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Wi''.'.. The present study focused on the regulati9n of DL-U 
p-;i)Tithesis by primary * osteoblasts and furthers our undcr- 




Anti-gp130 antibody added (10 |ig/mi) 



fetifgurc 8, Eflfect of monoclonal anri-mouse gpl30 Antibody on ostoo- ' 
i^Mt fownadon stiniulatcd by IL-i; PGEj, PTH, oi la,-25CpH)2pj, Co- 
Ttliltures of bone marrow cdli und priiuaiy osteoblasts' were riuintained in 
[SiWi?tcsenceof IL-lot (1 ng/ml), PGEadO-^M), lo(i5(OH) p^tlO nM), 
fe'HP'l'H [1-34]' (400 hg/tnl), each widibut or 'vnth.-thevmtoted 
pmounts of anti-gpl30 jncihody added simultaneously. at ^^c bcginingjof 
^ic culmrc. After culmiing for 7 d, TRAP-poslriyc celli;^p;cx^^ 
&ta.arc expressed as th.e tr)fcaA.± totjd nuinb^ir.of 'tjL^ 
PCLs) per well of quadmplit^atc cliltiiros, jPtij't/catsnent-Tat^i'^n^^^ 
p]Gr 'did hot influence -ostebtiJastbgeiies^ ^daB'-h6t'sh'6w^i)■^^nesc 
^.;F^;pre.-tejT[catives..offivc scparatc.c3q».crimeri«; ■....•*.|T.. •oi-.y^i-... 

■ '&omaset*al; .■■^'''■■■^■y' 



standing of the role of gp.l30 signal .transduction in osteo- 
clast formation. IL-11 receptor transcripts were detected not 
only in osteoblasts, but in mature osteoclasts, indicating that 
botli bone fomiing and bone rcsorbing cells are potential • 
targets of IL-11. - . ■ ' ' 

Primary calvarial cell cultures' consist of the heterogeneous' 
osteoblastic-stromal cel^ that arc likely to be present in the;- 
bone micro environmerit in vivo. IL-H production by pri''* 
mary osteoblasts ww induced by IL-1, TNFotv FGBii PifH, 
and lci,25(OH)2D3, all of which arc potent- osteoclastoge- ' 

, nic factors in vitro. Unlike osteosarcoma; cells (14), priinary- 
osteoblasts did not produce IL-11 constitutively. Howqycr,- 
our data indicate that appropriately: stimulated nbmial os- 
teoblasts are a source of tiiis cytokirie; Although IL-IT wais 
measured with a transfected cell line that is pbtentiailly sen- 
sitive to growdi stinidatipn^by IL^G-sIt^l^a coh^leXcS' '(6)"; 
we did not detect sll^6l<;pt m our cxpcri^ 
We have previously shown that.slL-6Ra/aJib:ii ;un4^t^^^^ • 
able in murine cocultures despite dexamgtljia^o^c st^ 

. tidn, which^grpady ci^hariccd csqjre^on of^stfe^bk^k IJ&JfeiRtx; 
mB^A^arid'OGL.fbImatiotl•{l:7)^ ••■':-:/:-i>:ps^ ''i^00^ 
■ • Prosta^ndiji''E2-was a ()6teht mduccr of Ib^^^i^^^^^ 
tion by ostcobiastsV-W-Pftii^ieined'to^me^fe 
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FJgwte 10, Iti jituhybftdiijitiorL; 
Coculcurc3 of bone cxnrrow ce\l'$ 
and primary osteoblastic cells " 
were sQbjcctcd to ia ^itu hybrid^ 
isadon as deoil^ m MateriAls 
and Methods. {A) Phbtbmicro-. 
graph of evils from the cocuUures 
at day 7. The cclli were hybrid^ . 
izcd witlx an iinci-scT«<i piboprobe 
specific* for mlL-llIUi. .Tran- 
scripts for IL-llRa, represeoced 
. by bltJC suinjng, arc located in 
polygonal and spindle-shsped os- 
tcoblwdc-strojniil. caUs ((jm>u/ 
heads) and OCLs (arrvws). (B) 
Specific hybndizacion signals 
were eliDiinAted by pre treatment 
widi Ft^ase. All preparations 
were counteTScained with nu- 
clear fiist red. Original magnifica- 
tion, Tl^e faults 4hown in 
chu figure were reproduced in 
three indcpeni5enL«xperinienK. 



duccion stimulated by IL-1 and TNF in our primary osteo- 
blast cultures, Prostaglandias are produced in bone by many 
cells, especially by osteoblasts^ and production is stimulated 
by .a variety of cytokines derived from macrophages or he- 
mopoietic cells (34-38). The important role of PGs in IL-1- 
mediated osteoclast formation and bone resorption has 
been emphasized (39). and PGs appear to be essential for 
lL-11 mediated osteoclastogcnesis as well (15). An ILfl re- 
sponse element exists close to the IL-11 gene and. in cer- 
tain stromal ceUs II^l can stimulate IL-lTby a mechanism 
independent of prostaglandins (40), 

In the present study, the nihility of la,25(OH)2D3 tp po- 
tendy stimulate E^l 1 production was shown in osteoblasG 
.and in cocultures of osteoblasts and b^ne marrow cells. These • 
findings are consistent with a sittjilac effect of la,25(OH)2D3 
in bone marrow ceU cultures (15). The concentrations of 
lL-11 present in supematants of the co-cultures treated with 
la,25{OH)2D3 exceeded 1 ng/ml after 3 d, wluch was in 
accord with our previous estimate of the EC50 of exoge- . 
nous.lL-11 (-^1.0 ng/ml) necessary for maxinul osteoclas- , 
togcncsis in such cocultijres (16). ; 

Cytokines exert their plciotropic effects by intcricting 
with specific cell surface receptors 12). There is. Iitde 
direct information about the IL-11 receptor in connective 
tissue cells. During embryogcncsis, primitive chondrqblas- - 
tic and osteoblastic progenitor cells seem to express higher 
levels of a transcript homologous v;nth IL-llRa compared 
to their more differentiated counterparts (13). Our results 
indicate that. primary osteoblasts not only are a source of ■ 
IL^l I, but express transcripts for the complete IL.-1 1 recep- 
tor complex (IL-llRa and gpl30). This, evidence suggests 
that IL^il acts in -an. autocrine-paracrine fasliion. Stimula- 
tion of primary, osteoblastic ^ceUs by .la,25{QH) A>:fP™ 
or iL-l .upregulated' gpl 30' nil'WA up • to threefold .at!^24 h, 
while: foRNA levels for II^llRa were unchanged-. , Similar 



uprcgulation of gpl3.0*'mRJ^rA (and protein) expression by' • 
la,25(OH)2D3> aiid PTH has been reported in. murine - . 
MC3T3-E1 cells and primary bone marrow cell cultures 
(41). Indeed, it has been proposed that regulation of gp'130 . 
expression by systbmic hormones could modulate the 'sensi- 
tivity of osteoblasts to cytokines' such as IL-1 1 and IL-6- ' 
sIL-6R.a (41 ; 42).- It is not known if gpl30 may be' rate^' 
Itmidng for cytokine signal transduction, in die way 'that , 
low levels of functional IL-6 receptors limit rcisponsiveness 
of osteoblastic cells to IL-6. ijnder physiological circum- 
stances (1 6, 17). Expression of gpl30 is ubiquitous (26). but . 
. it is. possible that key target cells, such as bone marrow stro- 
mal cells might be relatively deficient in gpl 30 under cer-^ 
tain conditions. Further studies are required to, confirm this 
hypothesis. 

We have reported that OCL foniution is induced by at 
least three different mechanisms (32, 33). The first mecha^ 
nism is the PTH-IL-l-fiGE^ axis, which is m?dijited by sig-. 
naling involving cAMP. The second rhechahisin is ,ltt|25 
(OH)2P3^indaced osteoclast formation, which is rnedtattfd 
by the vitamin D receptor but independent of'c^MP'^ IL-1" : 
induces OCL formation by a ntiechanism involving PG 
production (39). jHe gpl30 signal, activated, by cytokines 
such a? IL-n, IL-6-slL-6Ra. LIF, or OSM.' is c\early an 
additional and imponant pathway of .OCL fortnadoh. We 
previously showed that anti7lL-6Rot aiitibody inhibited 
OCL formation by II^6-sIL-6Ra, but not'by EL-l or l-a,25 
(OH)2D3 (16). Tliis indicates.- that IL-6 is hbt iinplicated:i^ 
0!Steoda5tdgenesis stimulated, by IL-1 6TAc^fi2>$XO]^2%: % 
the present" study, nc.utrali^ng ant^-gp.lSC)* antiboqyi'.'abot- ' 
ishcd osteoclast forniation induced by Ifci . Moreover; thfe 
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signals, probably evo,ked;by.il>^ll;-are^]t3:di$p.ensabk^^ 
induced • O CL forma tioo; ■ T-his:iiH:ondstorit .^witibAl^ • 
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ifef.'EL-l to induce both PGEj and IL-U production by os- 
fltfeobhsts. Similatly, we speculate. that IL-11 contributes, at 
in part, to OCL formation induced by PGEj, PTH, 
i?:imd la,25(OH)2D3. Girasole et aL also rq^orted that a mono- 
^ " aonal ana-IL^n antibody inhibited la,25(OH)2D3-, 

■ E/^l-. or TNFa-mediaced OCL formation by between 50- 
■1P0% (15). 

Together, these results suggest that the gpl30 signal is a 
pivotal co^tor for osteoclast fonnatioii. Targeted disrupt 
tion of gpl30 may clarif/ tlae physiological' role of IL-il 
and related cytokines in osteoclast formation and skeletal 

• development (43). 

= Osteotropic factors appear to aa directly on psteoblastic 
cells, which in turn produce a factor responsible for osteo- 
clast differcnriation (17, 32). This putative factor may be 
..expressed on the cell surface membranes and plays a cdtical 
sole through a juxtacrine (cell-to-cell contact) mechanism. 
... In support of this concept, .we rcccndy established that the 
^ility of IL-6 to induce osteoclast differentiation depends 

• on signal transduction* mediated by IL-'6 receptors expressed 

■ on osteoblastic cells but not on osteoclast progenitors (17). 
' In view of this evidence, it is likely that IL-11 also induces 
/osteoclast forniation by activating gpl3Q signals via IL-U 

t^S'^ receptors present on osteoblasts. In bone matrow cell cultures, 
which are relatively deScient in stromal cells, exogenous 
IL-ll is insufficient to trigger ostcoclastogenesis (15). but 
augments the cffca of la,25(OH)2D3; perhaps because; 
iviv^' ' gpl30 is upregxilated under these conditions. 



The demonstration of IL-llRa nlRNA* expression' in 
mature OCLs suggests an important! biologicid*fiih<^^ * 
IL-U in osteoclasts, perhaps distinct from its role in osteo^ 
clast formadon. Ohsakd ct al. (44) demonstrated functional 
IL-6 receptors in human osteoclast-like cells derived from 
giant cell tumors of bone. In these cells, lL-6 appeared - to 
modulate bone rcsorbing activicy. However, anri-gpl30 anri^ 
body did not influence pit resorption by; OCLs (data not 
shown). Macrophage colony stimulating £ictor and IL-1 
appear to promote survival of OCLs (45), bnt we found 
that IL-ll itself did" not support OCL sundval (data not* 
showny.^iFurther studies will be required to demonstrate, 
functional IL-11 receptors On OCLs and elucicbtc the role 
of IL-11 in mature osteoclasts. 

In conclusion, normal osteoblasts are a souirce of IL-U, 
the production, of which is induced by LL-1,. TNF, P.GEi, 
PTH, and la.25(OH)2D3. Bone fesorbit)g hormones and 
IL-1 also upregLilktc gpl30 mRNA in these, cells and cpn- 
scqucndy cell responsiveness to IL-11 aud related cytokines 
may be enhanced. Both osteoblasts and matiire OCLs ex- 
press IL~llRa mRNA and thus are potentially able to re- 
spond to IL-U. Signals mediated vby -gplSO may be'in-. 
volved in j)hysiological r^igiilatipn of osteoclast foraxjtion 
stimulated by osteotropic iactois.' Since high local c'ancen-. 
trations of IL-1, TfSTFy arid PGs occur in rheumatoid arthri- 
tis synovium (46), II^U could conttibute to the exccssiv* 
osteoclastic bone resorption observed in that disease. 
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